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This project called the Design of a new Electronic Power System for the Cosmic X-Ray
Background Nanosatellite-3 (CXBN-3) originated from the idea of having a third series design of
a Satellite that their predecessors were the CXBN I& II. The unique design of the satellite consists
of a 2U whose goal is to increase the precise measurements of the Cosmic X-Ray Background on
space closer to LEO; using a Cadmium Zinc Telluride (CZT) Sensor/Detectors. Based on the idea
of the last version of the satellite, the CXBN-3 is being developed in-house at the Space Science
Center at Morehead State University. Limitations associated with the electronic power systems
(EPS) on the CXBN-2 led to the idea of developing a new EPS for CXBN-3. The goal of this
project is to design and build a very efficient EPS that will take care of the power requirements of
the satellite with a high degree of utility, allowing it to be used for multiple missions, without
having to redesign the system every time. This design will include several electronics for the

functionality of the subsystem, and it will be able to provide the required power to the other
subsystems in the satellite. To complete the design of the CXBN-3 power system, we will provide
Power Generation using Solar Cells in a specific configuration to create the Solar Panels. The
Energy Storage system will use a rechargeable battery to be used for when the satellite is in the
eclipse unable to generate power. The stored energy on the batteries will provide the power to
maintain the functionality of the Satellite. A Power Regulation and Distribution Board (PDB) is
utilized. The PDB is a Printed Circuit Board with all the electronics to regulate the power provided
from the Solar panels and the Batteries to the specific subsystems, like the C&DH, TT&C, ADCS,
and the Payload. Several new techniques were developed in order to provide the design,
fabrication, tests, and implementation of the Electronic Power System for the CXBN-3; including
a schematic designer, project management, soldering skills, testing procedures, data analysis, and
others. After several modules fabrication and analysis of prototype circuits, a final decision for the
selection of the circuits for use in the Final PCB Design was achieved and a Final Prototype was
designed properly. The improved results of the final circuits designs provide a reliable system
design with an implementation of all the requirements established at the beginning of the project.
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Executive Summary

CubeSats are small satellites used by NASA and non-governmental space companies as a
cost-effective means to get a payload into space to perform research and develop new
technologies.1 Based on this information in 2018 the staff and faculty of the Space Science Center
at Morehead State University (MSU) were considering the possibility of working on another
version in a series CubeSats called Cosmic X-Ray Background Nanosatellite. The latest version,
CXBN-2 was launched on April 18 of 2017.2 This conversation came in a unique time where
research projects were a hot topic for a Thesis Project. After that first initiated conversation,
everything turns real and it starts the process of realization to work on the design of an Electrical
Power System for a 2U Cube-Sat (CXBN-3). The goal of this project was to design and build a
very efficient Electrical Power System (EPS) that will take care of the power requirements of the
satellite with a high degree of utility, allowing it to be used for multiple missions, without having
to redesign the system every time.
The satellite power system consists of Power Generation (Solar Panel), Power Regulation
(PCB with Circuits) and Energy Storage (Battery) systems. These must all be considered in
designing a successful EPS Design for the CXBN-3 Mission. This EPS will handle all the power
that is going to be used on the CXBN-3 Subsystems, which are the Command & Data Handling
(C&DH), Telemetry, Tracking and Command (TT&C), Altitude Determination and Control
System (ADCS) and the Payload. The system is designed to provide power for the satellite

Wertz, James R., Everett, David F, Puschell, Jeffery J. “Space Mission Engineering: The New SMAD”. 2015.
CXBN-2 Mission. Accessed January 14, 2019. https://directory.eoportal.org/web/eoportal/satellite-missions/cmissions/cxbn-2
1
2

throughout the entire orbit, even during periods of eclipse when the satellite will be unable to
generate power.
There are several improvements that can be implemented on the CXBN-3 satellite. These
changes can enhance the possibility of collecting better measurements and improving the
Spacecraft reliability. The goal of the CXBN-3 mission is to collect one million seconds of data in
one year of operation and to increase the precision of measurements of the Cosmic X-Ray
Background in the 20-50 keV range to a precision of less than 5%.3 The mission addresses a
fundamental science question that is clearly central to our understanding of the structure, origin,
and evolution of the universe by potentially lending insight into both the high energy background
radiation and into the evolution of primordial galaxies. Much has been learned by the team on the
operations end that will be incorporated into both the spacecraft design and its simulations.
In a 2U CubeSat, there are several limitations related to power. To have a successful EPS
Design we need to develop a system that can meet the requirements of our Power Budget
calculations with some level if margin. The CXBN-3 EPS will include Deployable Solar Panels
with solar cells with a 30% efficiency. Power systems which utilize photovoltaics solar cells must
utilize a system to store energy during periods of peak power usage and eclipse period. This often
requires utilization of a Battery system, which in this case we have a 2-Cell series Battery pack.
Electrical power generated at the array must be controlled in order to prevent battery overcharging. In this case is where the EPS PCB (Printed Circuit Board) fill a role in the project, in
where we have a configuration of electronics that are going to work together in order to satisfy
some specifications and requirements.

Morehead State University, Space Science Center. “The Cosmic X‐Ray Background NanoSat-2 (CXBN-2): An
Improved Measurement of the Diffuse X‐Ray Background. Preliminary Design Review (CDR)”. October 2015.
3

This EPS PCB regulates the power in the Satellite and uses regulators to maintain the
needed voltage in the outputs that are going to be connected to each subsystem or distributed
through Subsystems in the Satellite. Using Solar cells with a 30% efficiency, Buck Converters,
Boost Converters, and a 2-Cell series Battery pack; we can create a complete satellite which
achieves its requirements on Power Budget for the orbit. During a study related to the subsystems
in the CXBN-3 (power requirements and drivers); we determine that 3.3 V, 3.6 V, 5 V, 5.3 V, and
12 V are our regulated output lines. The system required a total of 14 Outputs, 1 Comm Port and
4 Solar Panels Connectors. Designed Schematics and modeling were used to prove the design’s
functionality and efficiencies.

1

Introduction
1.1 Problem Statement with Goals
The design of a fully-functional Electronic Power System (EPS) for a 2U Cube-Sat along

with evaluation of the design performance. This system takes care of the power requirements of
the satellite; it provides, stores, regulate and distribute the electrical power to the other subsystems
within the Satellite. A satellite Power System generally includes the following subsystems: Power
generation (Solar Panel), Energy storage (Battery) and the Power Regulation (PCB with Circuits).4
The primary purpose of this project is to make a better EPS that works the specific purpose of
supplying the Electricity needed for all spacecraft subsystems with proper voltages, currents and
other aspects (including current ripple). The goal of this project is to design and build a very
efficient Electronic Power System (EPS) that will take care of the power requirements of the
satellite with a high degree of utility, allowing it to be used for multiple missions, without having
to redesign the system every time. To create the design of something that would be flying and
having an important role on a mission in space. The Eps must also be designed to withstand the
harsh thermal and radiation environments of space.
For the EPS to be eventually approved for integration in the satellite, it must be able to
meet all requirements stated by the involved subsystems in the satellite. This EPS PCB regulates
the power in the Satellite and uses regulators to maintain the needed voltage in the outputs that are
going to be connected to each subsystem; or distributed through Subsystems in the Satellite.
There were several primary goals related to the design of the power subsystem. These goals
were to; 1.) have a fully functional EPS that only serves the purpose of an EPS, 2.) to have an

Morehead State University, Space Science Center. “The Cosmic X‐Ray Background NanoSat-2 (CXBN-2): An
Improved Measurement of the Diffuse X‐Ray Background. Preliminary Design Review (CDR)”. October 2015.
4

1

updated power budget, 3.) to ensure that all the CXBN-3 subsystems have the power they need at
all times with appropriate voltages and currents. As part of the assembly procedure, we are
considering the customized design of the EPS for obtaining advantages during the integration
process of the Satellite. Based on the wiring process of the Satellite for testing procedures and
integration the majority of the connectors are going to be placed in an optimal position to maximize
the area covered by the wires and the cross wires in order to make sure every subsystem is receiving
power. Another goal was to fabricate three identical version of the EPS PCB as mention above to
be used in these system architecture optimization processes.
The goals for this project were to:
•

Design an updated version of the CXBN-3 Eps that is adaptable to future
missions.

•

Develop an updated Power Budget for the Mission.

•

Re-design the EPS for advantages in functionality and Assembly Procedure or
Integration.

•

Relocate the connectors to facilitate the Integration Process by optimizing the
location and type of connectors.

•

Define exact number of connectors for the subsystems. (Customized Design)

•

Construct 3 identical layout versions of the EPS PCB with all the electronics;
Engineering Model, Flight Model and FlatSat Model.

•

Characterize the performance of the Engineering Model.

Documentation was produced related to:
•

The Design of Schematics

•

The Selection of Components
2

•

The Fabrication of the PCB’s

•

The Population of the PCB’s

•

The Testing procedures of the Populated Circuits.

•

The Data Analysis.

•

The Power Budget

An important subsystem in a satellite is the Power System and a possible mission failure
can occur if the power regulation to all other subsystems is not provided as expected. An accurate
calculation of a Power Budget is necessary in order to know if we are covering all of those needs.
Satellites have demonstrated their capabilities of surviving in the harsh environment of space. The
EPS is a critical component of the CubeSat. Some other Satellites were not lucky to be provided
by a fully functional EPS and the mission fails, others based their configuration and
implementation with other subsystems were not successful either. Ineffective or faulty EPS design
has resulted in the failure of numerous satellites; therefore, an effective Eps design is critical to
mission success.
For this specific project or latest versions, this was one of those possibilities why the
CXBN-2 satellite was not functional for the duration it was expected to work and because of that
issue we decided to work on the Design of a New EPS for the CXBN-3 to provide something
useful for future missions. Information related to the past problems of the CXBN-2 Satellite
indicates that one of the potential points of failure was the Electronic Power System due to the
integrated Microcontroller in the design and its configuration. Appropriate documentation related
to this study will be very useful for the next generation of engineers to integrate into this project
easily and to troubleshoot the integrated system.

3

1.2 Project Background
The CXBN-2 CubeSat was launched as a secondary payload on the Orbital ATK Cygnus
CRS (Commercial Resupply Service) OA-7 mission on April 18, 2017.5 The goal of the Morehead
State University Cosmic X-Ray Background Nanosatellite (CXBN-2) mission was to increase the
precision of measurements of the Cosmic X-Ray Background in the 20-50 keV range top a
precision of less than 5%, thereby constraining models that attempt to explain the relative
contribution of proposed sources lending insight into the underlying physics of the early universe.
The mission addresses a fundamental science question that is clearly central to our understanding
of the structure, origin, and evolution of the universe by potentially lending insight into both the
high energy background radiation and into the evolution of primordial galaxies.6
Mission Goals of the CXBN-3 Mission are to:
•

Increase accuracy of a precise measurement of Cosmic X-ray Background.

•

In the 20-50 KeV range with <5% error.

The CXBN-3 Payload is composed of:
•

Two back-to-back REDLEN Array imaging devices.

•

High resolution Cadmium Zinc Telluride (CZT) semiconductor radiation
detectors.

•

Custom collimator for a defined view of the sky.

5

CXBN-2 Mission. Accessed January 14, 2019. https://directory.eoportal.org/web/eoportal/satellite-missions/cmissions/cxbn-2
6
Morehead State University, Space Science Center. “The Cosmic X‐Ray Background NanoSat-2 (CXBN-2): An
Improved Measurement of the Diffuse X‐Ray Background. Preliminary Design Review (CDR)”. October 2015.
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Figure 1 CAD Model of the CXBN-2 Satellite
Source: (Morehead State University Space Science Center, “The CXBN-2: An Improved Measurement of the Diffuse X-Ray
Background. Preliminary Design Review (CDR)”. October 2015.

Figure 1 shows the CAD Model of the CXBN-2 which is the same configuration and design
that is going to be used for the CXBN-3 in order to use that Engineering Model that we have in
stock and to save some cost by utilizing the spare parts that we have.
5

Figure 2 Flight and Engineering Model of the CXBN-2 Satellite
Source: (Morehead State University Space Science Center, “The CXBN-2: An Improved Measurement of the Diffuse X-Ray
Background. Preliminary Design Review (CDR)”. October 2015.

Figure 2 shows the Engineering Model and Flight Models inside the cleanroom at MSU in
the Space Science Center. The payload is a two-detector system composed of two REDLEN
M1770 x-ray detectors designed and calibrated for precise measurement of the diffuse x-ray
background in the 20-50 keV energy regime. Each detector operates independently of the other

6

having its own standalone supporting electronics making it a very robust system. This Engineering
Model is going to be used as the Satellite Structure for the CXBN-3.7
An initial Power Budget (Table 1 & 2) was developed by a former graduate student at MSU
in the SSC; it was calculated in 2014 by Kien Dang.8 Based on the assumptions and relations for
this power budget, the new Power Budget for the CXBN-3 would be calculated in a similar way
and would be explained later in this report.
Preliminary Power Budget for the CXBN-2 Mission

Table 1 Operational Modes of CXBN-2 Mission
Source: Kien Dang, “Electrical Power System, Power Budget CXBN-2”, September 2014.

Morehead State University, Space Science Center. “The Cosmic X‐Ray Background NanoSat-2 (CXBN-2): An
Improved Measurement of the Diffuse X‐Ray Background. Preliminary Design Review (CDR)”. October 2015.
8
Dang, K. “Electrical Power System, Power Budget CXBN-2”. September 24, 2014.
7

7

Table 2 Modes during the Orbit of CXBN-2
Source: Kien Dang, “Electrical Power System, Power Budget CXBN-2”, September 2014.

1.3 Project Objectives
This thesis Project entails a “New Design of an EPS for the CXBN-3”; therefore, the
CXBN-3 Electronic Power System (EPS) will follow mostly the same conditions as the CXBN-2
EPS. The majority of the subsystems to be included in this new version of the CXBN will be the
same as the CXBN-2 with the exception of the C&DH and the EPS. The idea was presented by
the staff team in the Space Science Center at MSU and it rapidly was accepted as a project. With
all the data collected from past experiences in satellites and with the necessity of the elaboration
of an EPS, this new design was advancing in the process of becoming a reality. After a series of
discussions and meeting about how to start with the design of this EPS some objectives,
requirements and goals were presented. As mentioned previously, these were an important part of
the process of designing and they set the parameters of what would be the next steps of the project.
The objectives of this project were to design and build a very efficient Electronic Power
System (EPS) that will take care of the power requirements of the satellite with a high degree of
utility, allowing it to be used for multiple missions with similar requirements, without having to
redesign the system every time. It will provide, stores, regulates and distributes the electrical power
to the other subsystems within the Satellite. The EPS will provide power to the different
subsystems in the satellite; which includes the Raspberry Pie Zero (C&DH), the Astro Dev Lithium
8

Radio (TT&C), the CZT Detector (Payload), the Magnetorquer (ACS), the Magnetometer (ADS)
and the Cutter Circuit (Deployment of Antenna and Solar Panels); as stated before. The EPS must
be able to sustain power during the time that the satellite is under eclipse, that is why in this design
we are using batteries for Energy Storage and an array of Solar Panels for the Power Generation
within the Satellite Orbit.
Our requirements that are related to objectives to achieve the goal of this project were to:
1. Develop Research skills.
2. Develop Oral Skills on presentations and meetings discussions.
3. Research and Reading every related Material.
a. Drivers on each Subsystems.
b. Specifications of each Subsystem in the Satellite.
4. Provide EPS telemetry through an 𝐼 2 𝐶.
5. Output Lines of 3.3 V; 3.6 V; 5 V; 5.3 V; 12 V.
6. Produce Design of Schematics.
7. Develop micro-soldering Techniques.
8. Gain knowledge on selecting components to buy.
9. Organization of a work station and materials.
10. Design of the Hardware.
11. Development of Testing Procedures.
a. Standalone Testing.
b. Full Equipment Testing.
12. Fabrication of Final Design of Schematics (Final PCB).
13. CXBN-3 will have its own 12V line to the Li-Radio transmitter.
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a. This would avoid the noise in the systems and in the other subsystems.
The CXBN-3 new Electronic Power System needs to be redesigned following some
specifications of the EPS in the CXBN-2:
•

Same dimensions or same PCB Layout.

•

Same type of connectors (Two different version).

•

Same Structure.

CXBN-3 will follow the same specifications of latest versions (CXBN-2) and it will
continue orbiting in LEO during its time on the mission. A typical low-earth orbit (LEO) is 90
minutes with 60 minutes in sunlight and 30 minutes in eclipse. For this time, the operational modes
of the satellite will be executed as best for the functionality of the satellite and its mission goals.
This means that our EPS is going to play an essential role during the orbit and during the lifetime
of the CXBN-3.

Figure 3 Low Earth Orbit (LEO)
Source: Clipart-library and Wikipedia, January 2019.

10

The EPS must be able to store enough power to sustain satellite operation throughout the
30-minute eclipse without power generation. Power is one of the most important considerations
when planning a CubeSat mission. If the power budget was incorrect or the power system shorted
out, the entire mission would be compromised.
1.4 Importance of Study
This project was chosen based on the different new changes that can be applied to the EPS
in order to make it more reliable for the specifications or needs of the mission. The electronics is
a world that is always changing and improving parts or components; to create a more efficient
system it needs to be updated by time and sometimes it needs to be created more redefined to what
the mission’s needs. This whole documentation process is an important part of the learning process
in any situation, a chance to put all the work done in a paper well documented is an ideal situation
and a goal achieved for the whole project and the team involved on this project.
1.5 Definition of Terms
•

Electronic Power System (EPS) – It provides all the power generation, storage and distribution
for the spacecraft. The EPS consist of Power Electronics, Photovoltaic Solar Arrays and
Batteries to be functional.

•

Cosmic X-Ray Background 3 (CXBN-3) – A 2U CubeSat with the goal to measure the Cosmic
X-Ray Background using CZT sensors; this would help to understand the origin and evolution
of the universe.

•

Cadmium Zinc Telluride (CZT) – Used sensors to measure the Cosmic X-Ray Background in
the satellite CXBN satellites.

•

Printed Circuit Board (PCB) – Mechanically supports and electrically connects electronic
components or electrical

components

using conductive tracks,

pads

and

other
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features etched from one or more sheet layers of copper laminated onto and/or between sheet
layers of a non-conductive substrate.
•

Low Earth Orbit (LEO) – An Earth-centered orbit with an altitude of 2,000 km (1,200 mi) or
less, or with at least 11.25 periods per day (an orbital period of 128 minutes or less) and
an eccentricity less than 0.25. Most of the manmade objects in space are in LEO. Most
communication applications use LEO satellites because it takes less energy to place the
satellites into LEO.

•

Control & Data Handling (C&DH) – Also known as the On-Board Processing; it receives
commands from the ground via the communications system, passes them to the appropriate
components and payloads. It also collects telemetry from across the system, stores that
telemetry, collects and stores science data, and forwards the real-time and stored data to the
ground. The primary point of contact for the system’s interaction with the payloads.

•

Telemetry, Tracking & Command (TT&C) – It provides the radio link between the spacecraft
and the ground, and it provides signaling necessary to determine the spacecraft’s distance and
velocity over time.

•

Payload (PLD) – Is the total complement of equipment carried by a spacecraft that interacts
with the subject in performance of a particular mission. Mission payload may be unique in the
details of their implementation and objectives but share many of the same design
characteristics.

•

Attitude Control System (ACS) – It reorients the spacecraft toward commanded or
preprogrammed targets, and it holds that attitude.
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•

Attitude Determination System (ADS) – The process of combining available sensor inputs with
knowledge of the spacecraft dynamics to provide an accurate and unique solution for the
attitude state as a function of time. Determines the orientation of the spacecraft in space.

•

ADCS - Control the Solar Array and the Antenna pointing; it includes the sensors, actuators,
avionics, algorithms, software and ground support equipment used to determine and control
the attitude of a vehicle.

•

Cutter Circuit – Circuit that is going to provide for the deployment of the Solar Panels and the
Antennas within the Satellite.

•

Solar Cells – A device that converts sunlight into electricity.

•

Solar Panels – A number of solar cells connected in series to form a string; many strings can
form a solar array.

•

Batteries – Individual cells connected in series; the bus voltage consists of the number of cells
connected.
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2

Review of Literature / Background
2.1 Historical Background of CubeSats
Robert Twiggs from Stanford University and Jordi Puig-Suari from California Polytechnic

University work in a collaboration to develop the concept of CubeSat in late 1999.9
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CubeSats

were developed to allow people with little or no experience in the design of space missions to start
with an open mind to incorporate new ideas and concepts into designs and missions that have no
historical restrictions. This concept was originated with the spacecraft OPAL (Orbiting Picosat
Automated Launcher), a 23kg satellite developed by the students at Stanford University to
demonstrate the validity and functionality of picosatellites and to proof the concept of launching
small satellites from a larger satellite system.9 10 11 CubeSats are a miniaturized satellite for space
research, to explore new space technologies, scientific experiments, earth observations and others;
over 1,000 CubeSats have been launched in the past.9 The general goal of creating the CubeSats
was to promote and develop the skills necessary for the design, manufacture and testing of small
satellites for LEO.

9

Nanosats. Accessed January 16, 2019. https://www.nanosats.eu/cubesat
CubeSats and Smallsats from NASA. Accessed January 14, 2019. https://www.nasa.gov/content/what-aresmallsats-and-cubesats
11
Wertz, James R., Everett, David F, Puschell, Jeffery J. “Space Mission Engineering: The New SMAD”. 2015.
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Figure 4 CubeSat Structure for a 1U from Clyde Space (Image credit: Clyde Space)
Source: Clipart-library and Wikipedia, January 2019.

The physical standard of a CubeSat is a 10 x 10 x 10 cm cube, that has a volume of 1.33
kg or less.12 This design is mostly related to a 1U CubeSat and based on new design recently units
like 0.5U, 1.5U, 2U, 3U and up to 6U & 12U have been implemented on the dimension of a
CubeSat. This allows the satellite developers to be more flexible on the production and to extend
their capabilities. There is an increment in mass based on the increment of the unit that a satellite
was created. For the 2U is 2.66 kg, for the 3U is 3.99 kg and so on with the new CubeSats design.
These miniaturizing satellites reduce the cost of deployment and they can be launched in multiples.
CubeSats have evolved during the past of the years and now there is a lot of commercial,
universities and other projects in space.

12

Nanosats. Accessed January 16, 2019. https://www.nanosats.eu/cubesat
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Figure 5 Design Units for CubeSats Structures
Source: P. Machuca et al., “Asteroid flyby opportunities using semiautonomous CubeSats: Mission design and science
opportunities”. November 2018.

Specifications of Satellite units:
•

1U CubeSat is 10 cm × 10 cm × 11.35 cm.

•

2U CubeSat is 10 cm × 10 cm × 22.70 cm.

•

6U CubeSat is 20 cm × 10 cm × 34.05 cm.

•

12U CubeSat is 20 cm × 20 cm × 34.05 cm.

A Poly-PicoSatellite Orbital Deployer was implemented for launch and deployment of the
satellites; this design is better known as a P-POD and is the common deployment system or
platform for general CubeSats.13 P-PODs are installed into a launch vehicle (the space for
Payload) and it will carry CubeSats into space. Once the Launch vehicle reaches its orbit, the PPODs deploy CubeSats once the proper signal is received from the launch vehicle. The primary
responsibility of the P-PODs is to ensure the safety of the CubeSat and protect the launch vehicle
(LV), primary payload, and other payloads.

13

Clipart-library. Accessed January 14, 2019. https://en.wikipedia.org/wiki/CubeSat
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2.2 Power Subsystem Specifications / Literature Review
CubeSats, and all satellites, have numerous subsystems as mentioned before, but here our
main subsystem to discuss is the Power System.14 This consist of mainly three parts: The Solar
Cells, the Batteries, and the Electronics parts in a PCB. It uses Solar cells for the conversion of
sunlight into the electricity that we are going to use in order to supply the other subsystems.
Then after collecting this sunlight, we need a component to store the energy. We use
secondary batteries (rechargeable batteries) which are composed of one or more electrochemical
cells. Certain properties about these batteries are that they can be charged and discharged into a
load and recharged again to continue its duty of work in the system. They accumulate and stores
energy, based on these parameters their sizes and shapes changes. These secondary batteries are
used mostly when the satellite is on the eclipse as well as during the peak load times.
After this, the main part plays its role; the Electronics in the PCB. These electronics mainly
is an arrangement of components that involve regulators, power meter, filters, and others. After
receiving the power and supply some to the batteries, the solar panels will be connected to a variety
of electronic circuit like a regulator in order to supply the regulated voltage to a subsystem. It will
help the satellite to conduct its mission. Some filter can be used to have a low noise output and to
decrease the value in the output channel to the desired one.

14

NASA Power Cubesats. Accessed January 21, 2019. https://sst-soa.arc.nasa.gov/03-power

17

Figure 6 Electronic Power System components from CubeSTAR Satellite
(Image credit: CubeSTAR satellite) Source: “nasa.gov/smallsats-and-cubesats”, “CubeSTAR Electronic Power System”.
January 2019.

Higher requirements of power mean that the satellite has so many subsystems, these need
to be supplied with appropriate levels of power to have a satellite covered in Power for the mission.
Lithium-ion batteries feature high energy-to-mass ratios, making them well suited to use on massrestricted spacecraft. Many satellites are using Li-ion instead of the Nickel based on this very
important detail of mass restriction and also because the Li-ion have more energy capacity per
mass. Another important aspect of the nickel batteries is not environmentally safer compare to the
Li-ion.
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Types of Solar Cells include:
•

GaAs Triple Junction

•

InGaP/GaAs/Ge Triple Junction

•

Gallium indium phosphide p-n junctions (GaInP)

•

Germanium p-n junctions (Ge)

Types of batteries are:
•

Nickel-Cadmium (NiCd)

•

Nickel-metal hydride (NiMH)

•

Lithium-ion (Li-ion)

•

Lithium-ion Polymer (Li-ion polymer)

Main purposes of the Electronics is to:
•

Control and distribute electrical power to the spacecraft.

•

Supply electrical power to spacecraft load during mission life; averages and
peak electrical loads.

3

•

Provide command and telemetry capabilities for EPS health and status.

•

Protect payload against failures within the EPS.

•

Suppress transient bus voltages and protect against bus faults.

Methodology
3.1 Mission Overview
In Figure 7 we simplified the design of an EPS using a diagram that shows the essentials

for the system. It includes all the part that we have mentioned before as the Solar Cells, Batteries,
and Electronics. The mission or goal for this project is the creation of a fully functional Electronic
Power System to use in the CXBN-3 Satellite.
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Figure 7 Overview of the EPS Design
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

3.2 Electrical Power Systems Design
3.2.1

Block Diagram

The EPS Block Diagram is a one of a kind designs, implementing as many electronics as
needed to complete a favorable design to use in a future mission. This specific design involves the
addition of Solar Panels, Power Meters, Battery Balance & Charger and the Voltage Regulator;
these parts are essential to develop our functional EPS. The Solar Panels works as the power
generation in the systems, based on this configuration they are connected to a Power Meter which
is going to measure mostly the voltage and current that is coming from each individually Solar
Panel array or Satellite face.
After that the Battery Charger is connected, the EPS will manage the process of charging
the Batteries that we consider for the design. The current design has two series connected batteries.
The Battery Balance is going to be connected after this, this module is going to work on the process
to maintain the precision of how the batteries are balanced to provide a better behavior or life of
the batteries in our satellite. This Battery Balance helps to improve the degradation of the batteries
and to make the work in similar conditions in our design.
20

After this the Regulators are implemented. We start with the Buck Converter which is 3.6
V Regulator, 5 V Regulator and the 5.3 V Regulator. These regulators supply the desired voltage
to the specific subsystems in the Satellite, but before that they need to be connected to a Load
Switch that is going to acts as an ON/OFF Switch to let the voltage pass and be supplied to a Power
Meter to make sure we are receiving the right voltage and current to the subsystem. Basically, this
is the flow of the diagram and how it would work before being adapted to Electronics. Three lines
of the 3.6 V Regulator possess a 3.3 V Filter at the end in order to supply that specific voltage to
some specific subsystems.
The Block diagram of the designed power system can be seen below in Figure 8. This
configuration is the actual design for the EPS in the next CXBN-3, it shows all of the EPS
components or small modules that are going to be developed for unit testing procedures and then
all will be integrated into a final EPS PCB for integrated testing procedures. During the eclipse,
we will select the battery and use the stored energy to provide power to the circuit components
instead of providing something from the Solar Panels.
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Figure 8 EPS Block Diagram
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

3.2.2

Power Generation

Solar Cells absorb sunlight as a source of energy to generate electricity. These cells convert
solar radiation incident to their surface directly into electrical energy. The Power input for this
Satellite comes from 4 Solar Panels, each individual has 6 Solar Cells per panel and each panel is
located on four of the six faces of the satellite as shown in Figure 1 & 2. Two Cells are mounted
on the structure and four Cells are mounted on a deployable structure, with a total of 24 solar cells
in the satellite. The Panels are attached to the sides of the CXBN-3 Structure and thanks to the
satellite rotation this solar panels will be useful to collect the sunlight needed to cover the power
required in our Design.
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The type of Solar Cells that we are using is the Azur-space TJ GaAs Solar Cell 3G30A
with 30% of efficiency. This Triple Junction Gallium Arsenide (GaAs) Solar Cells have a cell area
of 30.18 cm2, and 40.15 x 80.15 mm of dimension. Some other specifications about the Solar Cells
are the 2.4 V at 500 mA, for each individual cell. As mentioned before CXBN-3 consist of fourth
Solar Panels of six cells connected in series on each face, this means that at the max power point,
each panel is able to output 14.4 V at 500 mA. Diodes are used to ensure that the panel outputting
the most power is always the input of the circuit.

Figure 9 Azurspace 3G30A (30%) (Image credit from: AzurSpace)
Source: AzurSpace, “30% triple junction GaAs solar cell”. October 2018.

These Triple Junction Gallium Arsenide (GaAs) Solar Cells were selected based on their
high energy efficiency. Thanks to the great properties these cells have, they were an excellent fit
for our design. The great capabilities and the array of cells allows us to produce enough amount
of power to cover the Power requirements in our Satellite.
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To support the study, we undertook calculations of the power production that our Solar
Panels configuration are considered to produce during the orbit. For example, the 24% of
efficiency is calculated for a consideration of estimated EOL efficiency, we are going to produce
5.76703584 W. The 28% of efficiency is a consideration of an estimated average between EOL
and BOL of the Solar Cells, this production is of 6.72820848 W. For the last consideration of 30%
of efficiency, this is estimated for the BOL efficiency and we obtain a value of 7.2087948 W. The
more accurate for our Design is the Power Production of the 24% of efficiency and their
calculations of power generation of 5.76703584 W. This is about the same efficiency considered
for the CXBN-2 and most other relevant CubeSats that have been launched using these cells for a
Calculation of a Power Production based on the Configuration of the Solar Cells and the Solar
Panels in fourth of the sixth faces of our Satellite. These calculations also consider our use of
Deployable Solar Panels.
A. Considering the estimated EOL efficiency:
1. Power from Sun = 1,327.0 W/m2
2. Single Solar cell Area = 30.18 cm2
3. Total Solar Cell Area = 181.08 cm2
4. Solar Cell Efficiency = 24%
𝑷𝒂𝒏𝒆𝒍 𝑶𝒖𝒕𝒑𝒖𝒕 = (𝑃𝑎𝑛𝑒𝑙 𝑐𝑒𝑙𝑙𝑎𝑟𝑒𝑎 ∗ 𝐶𝑒𝑙𝑙𝑒𝑓𝑓 ∗ 𝑆𝑜𝑙𝑎𝑟𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 )
𝑃𝑎𝑛𝑒𝑙 𝑂𝑢𝑡𝑝𝑢𝑡 = 5.76703584 𝑊
B. Considering the estimated average between EOL and BOL efficiency:
1. Power from Sun = 1,327.0 W/m2
2. Single Solar cell Area = 30.18 cm2
3. Total Solar Cell Area = 181.08 cm2
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4. Solar Cell Efficiency = 28%
𝑷𝒂𝒏𝒆𝒍 𝑶𝒖𝒕𝒑𝒖𝒕 = (𝑃𝑎𝑛𝑒𝑙 𝑐𝑒𝑙𝑙𝑎𝑟𝑒𝑎 ∗ 𝐶𝑒𝑙𝑙𝑒𝑓𝑓 ∗ 𝑆𝑜𝑙𝑎𝑟𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 )
𝑃𝑎𝑛𝑒𝑙 𝑂𝑢𝑡𝑝𝑢𝑡 = 6.72820848 𝑊
C. Considering the estimated BOL efficiency:
1. Power from Sun = 1,327.0 W/m2
2. Single Solar cell Area = 30.18 cm2
3. Total Solar Cell Area = 181.08 cm2
4. Solar Cell Efficiency = 30%
𝑷𝒂𝒏𝒆𝒍 𝑶𝒖𝒕𝒑𝒖𝒕 = (𝑃𝑎𝑛𝑒𝑙 𝑐𝑒𝑙𝑙𝑎𝑟𝑒𝑎 ∗ 𝐶𝑒𝑙𝑙𝑒𝑓𝑓 ∗ 𝑆𝑜𝑙𝑎𝑟𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 )
𝑃𝑎𝑛𝑒𝑙 𝑂𝑢𝑡𝑝𝑢𝑡 = 7.2087948 𝑊
At its Maximum Production, our Satellite with its Solar Panels Configuration using the
EOL Efficiency will produce a Total Power of:
5.76703584 𝑊 𝑥 4 = 23.06814336 W
The four Faces the Solar Panels are multiplied with the individual Panel output or
production of one face at a time. This is based on the position or orientation that the Satellite will
hold in space based on its orbit. This maximum production will be achieved if our Satellite is
receiving sunlight on each Panel, but for our orbits consideration, we just face one Side of the
Satellite or one face of the Solar Panels to the Sun at a time, in an ideal situation. So, our Panel
out-put of 5.76703584 W is our main production per orbit.
3.2.3

Power Storage

As mentioned before, the batteries are individual cells connected in series; normally the
bus voltage consists of the number of cells connected in series to be added together. Battery cells
can be arranged in series (to increase voltage) or in parallel (to increase the current capabilities).
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Electrical power generated must be controlled in order to prevent battery over-charging. During
the eclipse, the batteries have an important role in the satellite. It is to use the stored energy to
provide power to the circuit components when the spacecraft is not generating power. While the
satellite is in eclipse, the subsystems will be powered by our configuration of batteries. This allows
the satellite to continue normal operation throughout the entire orbit of the satellite, including when
it is away from the sun.
Several issues were resolved during the selection of the batteries and here we are going to
discuss some of them. The selection of the batteries and the configuration of series-parallel were
considered for our selection of preliminary batteries, upon the final selection. The final Battery
selected was the 18650 Boston Power Swing Lithium-ion Cell with 3.65 V and 5,300 mAh as
shown in Figure 10. We decided to use this battery based on their characteristics of Nominal
Energy Capacity, Nominal Cell Voltage and Nominal Current Capacity; these characteristics are
shown in Table 3. For the design we are going to use two cells (2 x18650 Boston Power Swing)
in series which will help us reach the 7.3 V nominal voltage (3.65 V X 2 = 7.3 V), having a current
of 5,300 mAh and a Power of 38.69 Wh. The table 3 shows all this relevant data about the Battery
Modules Parameters that is going to be implemented in the satellite. For the table 4, we have the
Considered Batteries for the Design, this table help to summarize the characteristics that were
taken into consideration for the selection of the battery discussed in figure 10 and table 3.
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Table 3 Battery Module Parameters

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

Figure 10 Boston Power Swing 5300mAh Lithium-ion Cell
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.
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Table 4 Batteries Considered for the Design

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

After comparing the batteries, Li-Ion batteries are clearly a better choice for the CXBN-3
Mission. The Boston Power Swing 5,300 mAh was chosen, based on the fact that it is the lighter
with respect to weight, and therefore provides more Energy Capacity per size. Also, the Nominal
Cell Voltages were very similar and the same with the Current Capacity. These other designs were
from companies like Gom Space and this will restrain us in the design because of the limitation in
space and mass that we have for the Satellite.
The Boston Power Swing batteries were used in the CXBN-2 and there were some other
batteries in stock that were available to use for this project. As mentioned before this project lacks
funding, so a better way to solve this is by using similar or same components that we already have
some spares. They are the best fit so far for the Satellite and it was considered for any other
calculations for Power Budget and others.
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3.2.4 Power Distribution
The EPS PCB needs to be implemented in our design and this component play its more
important role as a power distribution, in where we have a configuration of electronics that are
going to work together in order to satisfy some specifications and requirements in a specific board.
This EPS PCB regulates the power in the satellite, and it uses some regulators to maintain the
needed voltage in the outputs that are going to be connected to each subsystem; or distributed
through each Subsystems in the Satellite. Creating a new subsystem that would help a satellite
achieve its power requirements is one of the most important achievements in all the satellites; this
subsystem will lead the other subsystems in the satellite to complete a mission. A Power System
is responsible for the functionality of other parts and it will supply energy or life to non-passive
components.
The most relevant thing here is that we are going to design the Power Regulation system
or the PCB with all the circuits needed for the functionality of other Subsystems in the CXBN-3.
Several improvements are incorporated into the new design of the EPS for the CXBN-3, will
improve the precision of telemetry measurements related to the status of the system. Defining the
output lines that we want and how many subsystems we have in our satellite would help us to
know how many connectors we need for the subsystems. These Drivers and power requirements
of each subsystems are relevant to the design of the EPS. The issues of getting to know more
specifications of the subsystems was solved a point in the middle of the project with significant
research and reading many documents and shared point presentation. The EPS design must not
only be based on the needed subsystem voltages and currents of each subsystem in the satellite but
on the drivers too.
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We faced many issues during the design and some of them will be presented here as
examples of ways to resolve engineering problems that arise during the development phase of a
project. One task to find the possible failures in the last design to improve in the new one. This
could lead us to some electronics configuration, connections, calculations and many other
considerations. Other issues related to the design of the project involve the design of schematics.
Two software tools were used for this project. The first one and most used was the Eagle PCB
Designer from Autodesk. The second software tool used was the Altium Designer. These two
software systems represented a challenge because they were new to me, I was not sure how to use
them, how to develop components, how to create schematics and being able to design the
configuration of electronics on the PCB.
There were issues during the project development with the PCB fabrication and because of
these reasons we were in the need of creating three improved versions of the PCB’s in order 1.) to
cover a bad printing, 2.) to cover some requirements of current with the size of the track 3.) to add
more ground in the area and 4.) to change the size of the track where the amount of current flowing
in the circuit was affecting the Output Voltage of the regulators in this case during the Testing
procedures.
Another issue was the Population of the PCB. New techniques to solder specific
components like the Inductor and the IC, had to be developed because of the path of the
components were just beneath, creating interference. It was not an option to use the conventional
technique for soldering these components. Testing uncovered new issues; one of them was the
harnesses used to connect the inputs and outputs to the modules or the regulators that are populated
so far. This was a new technique that we worked to develop and after this many trials now we are
more capable of completing them and having successful PCB’s.
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The identification of the output lines of the regulators was an issue for the project. The
regulators are defined by the drivers of the subsystems. We decided to use the 3.3 V, 3.6 V,5 V,
5.3 V and the 12 V regulators in our design. Because the testing procedures of these regulators
were not exactly as planned in the beginning, some output values varied based on the load applied.
New configurations needed to be executed based on the values of the components. Using other
values for the inductor and making sure the values of the components are the correct or
recommended, helped to identify possible point of failures in the PBC’s and we want to identify
these before testing.
Additional problems were created by the mix of wires and wires that were across the board.
To resolve this layout issue, we decided to move the connector to the exact side of the PCB in
where the wires from the subsystem are going to be connected. It would have a straight line of a
harness from the Connector to the Subsystem. Also, we want to provide EPS telemetry through an
I2C, and it would be implemented in the design; these lines will help pass the telemetry to check
that the subsystem is working properly.
We have as many as 15 Outputs channels on the PCB with Connectors to supply voltages
to the subsystems. Additionally, we have our channel for the telemetry in the EPS which is the
Communication Port; this channel will be used to connect the EPS board with the C&DH in order
to check some parameters and the status of voltages, currents and behavior of parts within the EPS.
This allow a better, easier and quicker way of communication using only the two lines of the I2C
(SDA, SCL) for the transmission of data or in this case telemetry of the subsystems to the C&DH.
Then we have our four solar panels-connectors, which are connected to each individual panel that
is on the four main faces of the Satellite. These connectors are going to receive the necessary power
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generated from the solar panels and they will be available to use in our other circuits in the EPS
PCB and to store some of the energy in the secondary batteries.
Table 5 Electrical interfaces of the CXBN-3

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

The electronic power system design has 19 Connectors on the PCB (Table 5). From
those, we define 15 for output channels and 4 of the for inputs channels. They are shown below
with a short description of what they are or their purpose in our implementations. Many other
designs were considered but based on our needs the required configuration at the end was the one
discussed here. The Input connectors provide the power from the solar panels to the other
electronics on the EPS PCB for distribution to the satellite subsystems.
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15 Out-Puts on the PCB with Connectors
a. 9 Out-Puts will be Regulated
b. 2 Out-Puts will be Battery RAW
c. 1 Out-Put will be for the Deployment of Antennas and Cutter Circuit
d. 2 Out-Puts will be for the Battery Pack
e. 1 Out-Put will be for the Communication Port
Table 6 EPS Connection for the CXBN-3

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

A total of 15 output connectors are used in our design; 11 for our Subsystems (Table 6).
Four connectors are provided to the payload package, two to each payload sensor. One connector
is for raw battery voltage for the ACS, one connector for the ADS, one connector for the C&DH,
one connector for the cutter circuit, two connectors for the TT&C, two connectors are used for
batteries charging and four connectors to solar panels (one for each face of satellite).
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We primarily considered Buck and Boost converters because these two types of converters
can both step-down and step-up voltage, this means that we can use these regulators 3.3 V, 3.6 V,
5 V, 5.3 V, and 12 V. The regulators selected are discussed later in this report. The properties of
these regulators allow us to be able to provide power to the satellite even if the battery is low, the
wide input voltage range from 3-17 V and up to 3 A of output current.
3.2.5 Other Functionality
This section discussed the power budget for the satellite and the formulas used for the
selection of the values of the components in the EPS design. The calculations associated with the
power budget applied to the information collected from each subsystem and its. The power budget
is an important element of the CXBN-3, this mission will let us know if the satellite can survive
and provide the power required to operate on orbit. A positive Power Budget will allow us to cover
all the needs of the subsystems in terms of voltages and currents. If the satellite fails to have a
positive power budget this could lead to a mission failure, without even starting the mission or just
until the batteries run out of energy to provide power to the satellite elements to support their
functionality.
Table 7 shows all the subsystems that the CXBN-3 Satellite will have integrated together.
The values reported helps to define the outputs voltage lines needed. Also, the Interface row can
be defined by the different connections these subsystems needs, and which connector is going to
be used for the harnesses.
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Table 7 CXBN-3 Subsystems Specifications

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

Table 8 shows the different subsystems that will be used in the CXBN-3 satellite bus. There
are other specifications related to their voltages and currents for understanding the power
requirements or consumption of these subsystems. As mentioned before, each subsystem’s power
needs were defined based on the specifications sheet that gives us the values required to be used.
Most of these subsystems have been defined as the ones will used in the CXBN-3, but one of them
is in the process of evaluation of its suitability for our design. This is the C&DH; in this case, we
are considering the Raspberry Pi Zero as the On-Board Computer. This unique product has
different applications and based on that different specifications related to power requirements.
Normally the voltage this Raspberry Pi Zero need is 5 V or a 3.3 V, for this situation we are
considering both lines of output in our design of the EPS and for the power budget calculations.
35

Table 8 CXBN-3 Subsystems Consumption (Considered Always ON)

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

The subsystems considered for these calculations are always on and this is considered a
total of one run/cycle. Table 8 present three different total power values, with different
considerations. The first total power of 7.47473 W is a case in which all the subsystems are
powered on and assuming the C&DH will use the 5 V and the 3.3 V as an input. This case is a
unique one and it is not the one primary consideration for the satellite because this case is not
supported by the power budget and our satellite will run out of power with more consumption than
production.
The next two cases are under the maximum power production or in the range of using a
positive power budget. The total power of 7.07473 W is a case with all the subsystems power
consuming and assumes the C&DH will use the 3.3 V as an input. The last case shows a total
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power of 7.14473 W with all the subsystems power consuming and assumes the C&DH will use
the 5 V as an input. Both of these cases have a possibility of being used and define, the
consideration that will be implemented in the design will be conducted by the C&DH team, they
are working on some other options to check which On-Board computer is more reliable for the
Satellite. As far of any concern, the 5 V and the 3.3 V will be implemented in the electronic power
system printed circuit board at the end, it is just a manner of plug the connector where it is decided.
To explain it clearer, the C&DH team will have to let us know if they need a line of 3.3 V or 5 V
to the subsystem, this will set which of this last two cases will be used.
The power budget calculations were one of the most complicated aspects of this study. The
power budget of the CXBN-2 system was previously produced by the team on a spreadsheet and
it was convenient to have it, but after deep look to the file we started to find some discrepancies.
This situation gives us the idea of creating a new way to work on this power budget and implement
it the easiest way possible as it was presented in this report. An updated version of the power
budget will contain several other considerations based on the orbit, eclipse time, sunlight time, the
inclination of the plane of the satellite’s orbit, production of solar cells, and MPPT, among others.
Table 9 All subsystems powered ON

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

All of these considerations are based on having all of the satellite subsystems ON at the
same time; which is not the most accurate assumption. Here we just want to explain how much of
Solar Power Production will be consumed by the satellite in just one try with our maximum
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efficiency of production for the solar cells. Table 9 shows the characteristics of the satellite as solar
panels production, battery energy and depth of discharge. The eclipse period of the satellite is
about 29 minutes, when the satellite is getting close to the end of the eclipse period is when the
satellite reach the maximum depth of discharge in the battery. This is the amount of energy that
have been consumed in the battery by the subsystems in the satellite.
The power budget calculations will be used to demonstrate the production and consumption
of the CXBN-3 systems during the various operational modes of the satellite. These modes are an
essential tool for deriving assumptions for the orbit and to get a better explanation of how much
power will be required at any time during the orbit of the satellite. We defined these Operational
Modes as the “Sleep & Charging”, “Payload Operation” and the “Communication” (Table 10).
During the orbit, just one of these modes would be active at a time and a transition to the other
modes will be executed. The Sleep & Charging mode has not been set yet; this is because there
are some other parameters that need to be defined. It usually has a lower consumption with less
than 200 mW and a 100 mW in the CXBN-2 to have a reference in our design.
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Table 10 Power Budget Operational Modes

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

Table 11 shows the Operational Modes during Orbit; these modes are set based on the
payload operation and communication events. The payload has a consumption of 4.013W and it
begins at deployment of the satellite in orbit to sixty minutes later. The communication mode has
a higher consumption as 4.751W and it is active for at least twelve minutes. This communication
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mode has higher values based on the different components of the subsystems that need to work
in order to have a strong signal and performance of the satellite (Table 10). The Radio is the
subsystems with the highest consumption in the CXBN-3 satellite, higher rates of consumption
on this mode were expected. A side note for the values on the C&DH # 1, this is the onboard
computer if we consider using the 5V as an input for the Computer decided to use. The C&DH
#2 is using the 3.3V as an input; in this case, this is the one we are considering to be in our
design of the Power Budget.
Table 11 Operational Modes during Orbit

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

Table 12 All subsystems turned ON for the CXBN-3

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.
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With the values shown on the last three tables (Table 11 & 12), we are able to understand
the power systems behavior of the satellite and what are the power requirements for a fully
functional satellite. These operational modes are defined by the mission orbit and some other
consideration of parameters. In table 10, we decided to give some of the subsystems some
percentage of usage that are common to satellites during nominal operation. These values can
change based on some other specifications later defined on the drivers of the CXBN-3 systems.
3.3 Modules Design
3.3.1

TPS62132

The first module that was designed is the TPS6213X family, from these modules we were
able to work on a configuration for the 3.3 V, 3.6 V, 5 V and the 5.3 V outputs lines using these
modules as our regulators. The TPS6213X synchronous switched mode power converters offer
both excellent DC voltage and superior load Buck Converter (Step-Down Converter) is a DC-toDC power converter which steps down voltage (while stepping up current) from its input (supply)
to its output (load). Our first schematic to discuss is the TPS62132, which is the Fixed 3.3V
Regulator with a range of output currents up to 3 A as shown in Figure 11. Table 13 shows the
data collected from the Standalones test of the module; the expected behavior of the regulator was
achieved.

Figure 11 TPS 62132
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.
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Table 13 TPS 62132 for 3.3V

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

The schematic represents a logical configuration of how the circuit should work and the
values of the components in order to get the desired output voltage for our subsystems. The
changes applied to these schematics as the design evolved were the value of the inductor. At the
beginning we were using a 2.2 µH and based on recommendations and looking for an increment
in the output voltage we decided to use a 1.1 µH. This decision came at the end of the second
session of testing and was helpful, considering the specifications of these components with more
current capacity than the first one, from 3.5 A to 5.1 A. Several standalone test of the different
versions of the modules were tested and our very best option was in version # 3, this module shows
similar characteristics in the output compare to the desired 3.3 V. However, this design was not
used in the final EPS PCB due to a decrement when a load was applied to the output and its voltage
was lower than expected.
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3.3.2 TPS 62133
Our second design (shown in the schematic in Figure 12) to discuss here is the TPS62133,
which is the Fixed 5V Regulator with a range of output currents up to 3 A. This regulator is in the
same TPS6213X family. It acts as a Buck-Converter or Step-Down Converter.

Figure 12 TPS 62133
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

Table 14 TPS 62133 Outputs for 5V

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.
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The same consideration on the configuration of the 3.3 V regulators was assumed here for
this 5 V regulators. A change in the value of the inductor for a 1.1 µH and from 3.5 A to 5.1 A.
Based on the data obtained during the standalone testing of the module we decided to use this
regulator in our design to provide those 5V that the C&DH needs in case that is the input decided
for it. This means that the capabilities of this specific configuration of components was the desired
behavior to prove that we received that specific 5 V that we need. Table 14 shows the obtained
data during the testing procedure and you can see if we are applying a load of at least 1 A, we will
be able to get those 5 V to supply the On-Board Computer in our Satellite. A variety of tests were
provided to prove the good behavior of our regulator with a range of input voltages from 5 V to
16 V; with a fixed current from 0.5 A to 2.5 A.
4.3.3

TPS 62130

3.3.3.1 Adjustable 3.6 V
The third design (shown in the schematic in Figure 13) to discuss is the TPS62130, which
is the Adjustable for the 3.6 V Regulator with a range of output currents up to 3 A. The main
adjustment made to the TPS 62130 converter was programming the feedback voltage divider to
output the necessary voltage. The equation used to calculate R1 and R2 are:

𝑉

𝑅1 = 𝑅2 (( 𝑉𝑂𝑈𝑇 ) − 1)
𝑅𝐸𝐹

Equation #1 [14]

Figure 13 shows the schematic of the adjustable converter TPS62130, with R1 and R2
programmed for the 3.6 V output where R1 is 1.365 MΩ and R2 is 390 kΩ. The same principle
applied in the last regulator, a change in the inductor was completed to show consistency on the
designs and improve the design for better results.
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Figure 13 TPS 62130
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

Table 15 shows the results of a standalone test for the 3.6 V Regulator; the results were
very positive. Using a load of 1 A, we were able to get the required 3.6 V changing the input
voltage in a certain range. Every measurement was collected from an Electronic Load with the
pertinent harness connected to the regulator and also some data were collected from a measurement
in a multimeter at the output of the Module to avoid some losses in the harnesses, a more precise
measurement of the output voltage.
Table 15 TPS 62130 ADJ Outputs for 3.6V

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.
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3.3.3.2 Adjustable 5.3 V
The fourth design to discuss is the same TPS62130, but in this case, is the Adjustable for
the 5.3 V Regulator with a range of output currents up to 3 A. The main adjustment made to the
TPS 62130 converter was programming the feedback voltage divider to output the necessary
voltage. For this module, we use the same schematic on Figure 13 to make all calculations and to
gives us an idea or reference of a circuit for the PCB fabrication. Equation #1 was used to calculate
R1 and R2, using the 5.3 V as the desired output voltage. This gives us the values of R1 that it is
2.193 MΩ and R2 is 390 kΩ.
The output values of this regulator are shown in Table 12, the related measurements of
5.3V in the output were measured using the multimeter for more precise values. There are some
losses in the equipment used to measure the voltage that is measured in the Electronic Load. These
outputs voltages are the ones that are going to be used for one of the connections to the Payload,
the CZT sensors.
Table 16 TPS 62130 ADJ Outputs for 5.3V

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.
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3.3.4 TPS 55330
The fifth design to discuss is the TPS55330 (shown in Figure 14), which is used for the 12
V Regulator. A boost converter (step-up converter) is a DC-to-DC power converter that steps up
voltage (while stepping down current) from its input (supply) to its output (load). The TPS55330
is an Integrated 5-A, Boost Converter, DC-DC Regulator, monolithic nonsynchronous switching
regulator. This device has a wide input voltage range and a way to regulate the output voltages of
this circuit is using the current mode Pulse width modulation (PWM) control. This PWM turns on
the switch at each clock cycle, it supplies an input voltage across the inductor, and it stores them.
The inductor transfers stored energy to the output capacitor and supply the load current. A small
value in the inductor could cause instability in the internal configuration.

Figure 14 TPS 55330
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.
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As shown in table 17, for this Booster Converter or Step-up converter the input voltages
are lower compared to the voltage measured in the Output. Based on the data collected during the
testing procedures a measured trigger point was identified. This trigger point depends on the
applied Load (Current consumption) to the circuit; if the subsystem connected require 1 A or less
like in this situation you can identify that an input voltage of around 6 V to 7 V will increase the
output voltage from almost 5 V to more than 10 V, these assumptions are shown in the next two
tables with more data to support the different conditions of the Regulators. Increasing the Input
voltage will lead to a higher Output voltage as the one desired.

Table 17 TPS 55330 Outputs for 12V

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.
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Table 18 Outputs Voltages with Trigger Point at a fixed Load value

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

Table 19 Outputs Voltages with Trigger Point at a fixed Load value

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.
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This design of the 12 V regulator was created to have a straight line to supply a specific
voltage to the TT&C or the Radio in the CXBN-3. This Radio has no preference of an input voltage
to work properly; it can work from a voltage range of 6 V to 12 V. The only differences would be
that the data rate will improve when it is supplied with higher voltages. At the beginning, we set
our regulator to a 12 V line, after many Standalone Tests with the modules we were not able to
reach an output voltage of 12 V within the range of Input Voltage that the batteries are going to
supply which is 5.5 V to 8.4 V and a nominal of 7.3 V.
Based on this we decided that a higher value on the inductor could be presented for better
or higher results. For the TT&C subsystem was notified that a load of 1 A or close will be ideal,
this means that if we decided to use the 0.9Amp the same as the one for the testing values in Table
15 we will be able to provide at least 10.5 V as an input for the Radio considering a 7.3 V as input.
Providing this output value will be accepted in the terms thanks to the improvement of creating
the direct line to avoid some noise in the systems compare to a line straight from the batteries.
Using Equation #2 we calculated R1 value as 88.7 kΩ and for the R2 the value is 10 kΩ.
For Setting the Output Voltage we used Equation #2:
𝑉𝑂𝑈𝑇
) − 1)
𝑅1 = 𝑅2 ((
1.229𝑉
3.3.5 TPS 7A3051
The sixth design (shown in the schematic diagram in figure 15) to discuss is the
TPS7A3051, a low noise Filter in this case for a 3.3V with a range of output currents up to 1 A. It
has an input-output voltage regulation programmable with an external resistor.
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Figure 15 TPS 7A3501 for the 3.3V Filter
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

Table 20 shows the measured output of a 3.6 V regulator using the 3.3 V Low noise filter.
The applied load was of 1A and the obtained results were close to the set 3.3 V for this output line.
As mentioned before measuring the output voltage with a multimeter gives us a more certain value
for this and the other modules. This filter would be used for three main lines that are going to be
connected to the C&DH, radio and the magnetometers.
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Table 20 TPS 7A3501 Outputs for the 3.3V Filter

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

3.3.6 TPS 7A4701
The seventh design (shown in the schematic diagram in Figure 16) to discuss is the
TPS7A4701, an ultra-low noise Low Drop Regulator (LDR) in this case set for 5 V with a range
of output currents up to 1 A. This device has programmable output voltages with a configuration
in the same PCB up to 20.5 V. This module does not have any data related to it for two main
reasons; there was no need of using this LDR because the other regulator of 5 V was working
perfectly as expected. At a point during the testing procedures this module was tested with the 5.3
V Regulator; the idea was to reduce this voltage to the needed 5 V for the C&DH but it was never
able to regulate up to that point considering the configuration recommended for the module to
regulate up to 5 V based on the complication on the configuration of this module it was not used

52

for the final design, but the schematic was created at the beginning of the study and at least two
modules were populated and tested in the laboratory environment.

Figure 16 TPS 7A4701 for the 5V Filter
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

3.3.7 TPS 2590
Design number eight (shown in the schematic diagram in Figure 17) is the TPS2590, is a
swap power management for buses up to 20 V. The term swap means that it exchange voltages in
the input to determine its output voltage. Normally, its application is for protection of shorts that
can affect the voltage bus to prevent failures in the other subsystems within the Satellite. The
operation of the TPS 2590 in a regular configuration will be to turn ON or OFF the voltage line in
where it is located. For our purposes we use this Load Switch to allow the voltage to the
subsystems, mostly all the regulators are always ON and transmitting. The device is enabled when
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the enable pin is pulled low. This specific module was tested with the 3.6 V regulator and it
implements its function to turn off or on the voltage line when the enable pin was switched low or
high. A whole line of a 3.6 V with a regulator, load switch and a power meter are going to be
discussed later and more details about consumptions of these modules would be presented.

Figure 17 TPS 2590 for the Load Switch
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

3.3.8 TCA 9539 Q-1
The design number nine (shown in the schematic diagram in Figure 18) is the TCA 9539
Q-1, it’s an I2C Controller or a GP-I/O expander. This is a 24-pin device that provides 16 bits of
general-purpose parallel input and output (GP-I/O) expansion for the two-line bidirectional I2C
bus. The main purpose of selecting this device is because of its higher possibilities of connecting
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several other devices with the 16 I/O’s to the main controller with I2C to communicate with the
C&DH through this protocol and command any kind of devices connected in any of the 16 I/O’s.
The communication between the controller and the C&DH is for connecting with the Load Switch,
for ON/OFF the output voltage lines.

Figure 18 TCA 9539 for the I2C Controller
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

This Module uses a piece of code to allow the proper function of the device. Mainly, it will
be related to execute a specific job and for this project it will be to be commanded by the C&DH
to execute a High or Low into a specific I/O Port to allow the power runs from the Regulator to
the voltage line to a connector to provide the power needed in that subsystem. We will use nine
I/O Ports to control our distribution lines in the design.
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A test was completed with this Module and it was working successfully after several
procedures and a combination of lines for the code. We used the circuit shown in Figure 19 to test
the I2C Controller with some LED’s and resistors to make sure all the 16 ports were receiving the
proper signal of Low or High. This test helps us to understand how this module works and it gives
us an idea of how to write the code for the next process of testing and for the final implementation.
Also, we tested the two-line bidirectional I2C bus with an Arduino Pro Mini to provide the code to
the integrated circuit on the TCA 9539 circuit.

Figure 19 LED’s Circuit Test for I2C Controller
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.
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3.3.9 INA 226
Design number ten is the INA 226 (shown in the schematic diagram in Figure 20). It is a
current shunt sense and a power monitor with an I2C interface which provides digital current,
voltage and power readings. The Module is capable of monitoring a shunt voltage drop and a bus
supply voltage to display its values based on conversion in the Integrated Circuit.

Figure 20 INA 226 for the Power Meter
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

To use and collect data related to the regulator outputs we used a circuit named INA 226,
which is a power meter or current/voltage meter. With this kind of circuit, we are capable of
measuring the inputs or outputs values of some of the modules in order to know what is the current
and voltage that each individual module is going to receive or received. Most of the INA 226 (14
in total for the design) modules are connected on the outputs of a Module (i.e. Regulators, battery
charger) to check we are getting the right values on it; this output normally is an input of another
circuit in our design. There is a code that was written for the use and display of the outputs of the
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INA 226, this code was developed by the Professor Jose Luis Garcia and it is going to be adapted
for the CXBN-3 EPS Power Meter Modules using the Arduino software. This code mostly is going
to primarily displays individual INA 226 in our System based on an individual address for each
Power Meter and a certain calibration of the module. This helps us understand where in the whole
system we are having problems with a module or if it is working as expected.
3.3.10 BQ 24650
The design number eleven is the BQ 24650 (shown in the schematic diagram in Figure 21),
it is a Li-Ion Battery Charger Controller. The purpose of creating this circuit was to have a module
that performs the process to charge the batteries that are going to be used for this design. For this
Battery Charger (Figure 26) we were considering using the Boston Power Swing 5,300 mAh to be
the batteries for the testing of the module but unfortunately, it was not possible, based on the
consideration of having some spares of the 18650 for testing procedures as shown in Figure 27.
This Module has not been tested for many reasons, batteries were not available at the time, the
configuration of the values in the module needs to be verified and possible consideration for a new
module design is in discussion. A variety of components were considered for this design and nontypical values were selected for the design. Inductor values such as 10 µH, diodes and several
transistors were used in the schematic as reference for the ones used in the Populated Module. The
input of this circuit comes from the output of the Solar Panels to charge the batteries.
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Figure 21 BQ 24650 for the Battery Charger
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

3.3.11 BQ 29209
The design number twelve is the BQ29209 (shown in the schematic diagram in Figure 22),
it is an overvoltage protection and cell balancing circuit for a 2 series cell Li-ion battery packs.
Figure 22 shows the schematic of the circuit, but Figure 26 shows the real PCB or the populated
PCB for standalone test. The same reason as the Battery Charger has not been tested are applied
to this Battery Balance Module; they are both related and connected to each order in order to
supply and protect the batteries for over-voltage and monitoring to balance the cells.
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Figure 22 BQ 29209 for the Battery Balance
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

This circuit poses one of the most complicated configurations of any of the modules in our
design. There are several things to consider in order to start any process of testing the Module to
understand the values that are going to be generated as output. These considerations must be related
to the Cell Balance configuration to understand the IC functionality, design requirements for the
values of the components and others.

Some of the used Formulas are:
𝑉𝐶1
)
𝐼𝐶𝐵1 = (
𝑅𝐶𝐵 + 𝑅𝐶𝐵1

𝑉𝐶1
)
𝐼𝐶𝐵2 = (
((𝑅𝐶𝐵 + 𝑅𝐶𝐵1 ) + 𝑅𝐶𝐵2 )

60

3.3.12 Populated Modules

Figure 23 Populated Modules for Testing Procedures
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

Table 21 Populated Modules and its versions

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

These Populated Modules (Figure 23 and Table 21) are part of the first section of the
population or soldering of components for the project. Mainly the modules of the regulators were
the ones we work on different versions, only trying to find the right PCB and configuration of
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components to provide improved and precise outputs values on the Regulators. Changes on the
size of the tracks/paths were made on this different version in order to increase the amount of
current that can flow through it for a better result when a load is applied to the module and get
more precise output voltages.
During the second round of testing, we were able to populate other circuits that include the
filters, load switch, battery balance and battery charger. With all of these Modules a distribution
line of power was created to starts making some more progress for new data. This line was tested,
and the data can be found in Table 22 & 23. A further discussion is required to explain some of
the changes of changes in the output voltages based on the consumption of this individuals
modules. All the data was collected using the electronic load to provide a load in the system and
to measure the output. Also, a multimeter was used to measure the outputs voltages and Arduino
to use the Serial Monitor with the values.

Figure 24 Full Module Line of 3.6V, Filter, Power Meter and a Load Switch
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019 .
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Figure 25 Testing Procedures for the Full Regulated Line
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

These test results are from a full module distribution line using a regulator of 3.6 V, filter
of 3.3 V, INA 226 and the load switch for the testing procedures and the collection of data as
shown in Table 22.
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Table 22 Full Module Line for the Output of 3.3V

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

This test data reported on Table 23 is from a full module distribution line using a regulator
of 3.6 V, INA 226 and the load switch.
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Table 23 Full Module Line for the Output of 3.6 V

Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

Figure 26 Battery Charger and Battery Balance Modules
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.
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These two modules (Figure 26), were populated on the second block of the population of
PCB’s; as independent modules as they are, they also can be connected together by the header with
a jumper in order to use the output power of one to be the input of the other module. This helps a
lot on the testing procedures because you are testing the full line of distribution connected to the
same source of power and reference for more accurate measurements. In Figure 27, the harness
were solder to the batteries for some future test, this would help to understand the behavior of these
two modules and the battery.

Figure 27 Testing Procedure with Batteries
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

3.4 EPS Design Procedure
3.4.1 Mechanical Layout
The following section describes the creation of the PCB board layout, that could be placed
directly into the satellite with all the electronics that are going to be used for the design. When
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beginning this process, there were a number of factors that would guide our design. The first and
foremost amongst these was the space within the 2U frame. The width meant that anything we
designed would have to be within the 96 mm by 96 mm frame.

Figure 28 The layout dimensions of the EPS PCB
Source: Kien Dang, “Electrical Power System, Power Budget CXBN-2”, September 2014.

Specifications for the PCB Layout may be unique in our scenario. We do have some
specific dimensions to locate all the electronics for a functional Electronic Power System. The
dimension inside the PCB is 91 mm by 91 mm from hole to hole. This means that we are limited
by those specifications to create our EPS Board and to accommodate the electronics, connectors
and others.
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3.4.2 PCB Layout
The PCB Layout presented in Figure 29 was created using the software of Eagle from
Autodesk. These PCBs were fabricated by a foreign company and populated at the Space Science
Center at MSU. We designed a total of twelve PCB and over twenty were populated with their
designed components; all of them in a cleanroom environment. The design came from previously
designed schematics and a favorable configuration of the components leads us to these many
designs shown here in Figure 29. With these modules and seven other modules, we completed the
standalone tests of our project. The Modules provide support the effort to provide the data required
to complete a proof of concept for the design.

Figure 29 PCB of Populated and Tested Modules
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

Unfortunately, the final PCB Design of the EPS for the CXBN-3 was not created with the
full set of electronics; based on the new design for other circuits that are going to be implemented
later on the EPS. But this consideration for the final design of the PCB for the Flight Model, the
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Engineering Model and the FlatSat needs to follow the mechanical layout dimensions of the 96
mm by 96 mm frame. All the electronics considered on the Block Diagram in Figure 8 needed to
be adjusted to match the board. All fourteen connectors for the outputs, with the fourth connectors
for the Solar panels and the Communication port connector must be added. The number of circuits
used; in our case a total of fourteen power meters, one battery charger, one battery charger, nine
load switch, three filter and five voltage regulators. Different configurations are going to be
implemented to achieve the goal to fit them inside the top layer of the board.
3.4.3 Fabrication and Testing
Final fabrication and testing was one of the goals of this project but based on several
implications the fabrication and testing process of a final design for the electronic power system
printed circuit board, it was not fully achieved. There were some circuits that were not showing a
successful performance for what it was set, and a different approach has been taken into
consideration for future implementations. These circuit were having problems on demonstrating
the correct output measurements and they were having other loses in the lines that were not
favorable for our design. Mainly the Battery Balance, the Battery Charger and the Batteries cause
the changes to this. At first, we planned to use the same components of the CXBN-2, like the same
batteries from the Engineering model. To use the one we have in stock, but for the batteries, at the
moment there were no resources to buy some of them and no other batteries in spare to use in our
design for testing procedures of these two modules. This part will represent future work for when
the design does not have any other changes on the design; when a final design of circuits has been
determined and implemented. Consideration of using another Boost-converter also was another
cause to leave this part open for changes.

69

The same principles applied to the standalone testing of the modules or even to test the
distribution lines is going to be simulated for the final design of the EPS PCB once it is determined
as it is the final design. Using a power supply connected to the PCB was considered to provide the
input power to the module to collect the outputs values and variations using an electronic load and
multimeters. These procedures will be executed by the next generation of students who get
involved in the project. Different decisions of testing can be suggested to improve the ones already
tried before with the modules and some improvements can be recommended to make sure all the
measurements or data collected is at its best and every component is showing excellent
performance.
Fabrication and testing of the prototype modules was undertaken during the different
phases of the project. These interactions with the components and the PCB served to solidify our
concepts in the schematics; some of them proved to be working perfectly as expected and others
were not having adequate behavior. Major new configurations and implementations can be
generated for this part of the project when a new group of people get familiar with the content of
this report and can complete the design of an EPS that was originally started.
4 Analysis of Data and Results
4.1 Testing Results Characteristics
So far in the project, we have achieved so many things that were set since the beginning.
First, we identified the dimensions of the PCB, to determine how much space have for the power
electronics in the Satellite. Then research on previous designs and the spacecraft bus led us to
accomplish several other goals the main one was to understand the voltage, current and interfaces
that the subsystems need in order to work properly during the mission. Identifying how many
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connectors were need and understand what we need to provide in order to define a Block Diagram
with all the electronics was also achieved during this process.
Working on different versions of the regulators was one improvements of our designs,
giving us the background to determine the appropriate configuration of components in order to
have the desired output voltage. Using the Version number 3 of the regulators we were able to
populate the 3.6 V, 5 V and the 5.3 V Regulators to accomplish another objective of the project.
For the 12 V Regulator, another configuration of a PCB was used to complete the design and
certain results were obtained to consider this regulator to be an improvement for the CXBN-3 and
the TT&C subsystem. Several data were collected from the standalone testing and have been
previously shown. The data shows the obtained results indicating the functionality of the design.
Later, we started populated other PC’s like the 3.3 V & 5 V Filter, Load Switch, I2C controller,
power meter, battery charger and battery balance. The cutter circuit, for the deployment of the
antennas and the Solar Panels, will be designed later and will be included in another small PCB
but the connector to supply the needed power will come from the EPS.
The Load switch circuit works as expected acting as an ON/OFF switch for the Regulators
whenever the enable pin was connected to ground. For the I2C controller, we were able to conduct
several tests and implementation of code to check every GPI/O’s port; this circuit provided the
high and low for each port and it will help to control the power provided to each subsystem.
Controlling code needs to be created for this module, in order to determine the proper power line
to be activated. The power meter shows some great indications as a module who was created and
tested successfully, with great data results. Data collected on the serial monitor of the Arduino
software was not taken into consideration to show in this report, but the data collected was the
same measurements as the multimeter in each other modules.
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For the battery charger and the battery balance as mentioned before we were not able to
test these devices for numerous reasons, but a full PCB was populated for both and a set of batteries
were considered for the test, as shown in figure 27. The implementations of these two modules
will provide a significant amount of the storage energy of the satellite. They play the role to
maintain the role of optimizing the performance of the batteries.

Challenges of the Project
Many of the challenges of the project that we faced and overcame are shown below.
1

Decrement in the Output Voltage when a Load is applied to the Module.
1.1 Three versions to have better output in the Regulators.

2

Power Budget Calculations.
2.1 A lot of reading materials was completed in order to understand each term
in the Power Budget and to create a complete strong Final Power Budget
with all the considerations needed.

3

Determine if a Switch would be necessary or use the Enable in the REG.
3.1 The switch was the option decided for our design using the GPI/O’s.

4

Design of Schematics.
4.1 Learning new software for Designing.
4.1.1

Altium and Eagle.

5

Selection of Components to cover recommended specifications.

6

Skills for the Population of PCB’s.
6.1 Iron Tips for SMD components.
6.2 Hot gun Air for other types of SMD components.
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7

Standalone Testing of Populated Circuits.

8

Test the Battery Charger and Battery Balance.
8.1 Identify the battery to use in the test.

9

Write a Code for the:
9.1 Power Meter (INA 226).
9.2 I2C Controller (TCA 9539-Q1).

Based on the result obtained from testing each module and the data analysis related to
each of them it was determined that the collected results present a good representation of an
effective product. We determined each individual requirements of power for many of the
subsystems and other subsystems needs to be defined later based on what design they need on
the satellite, like the C&DH. Also, with these good results we were able to complete or improve
what was considered as risk areas in our project.
5 Conclusion
5.1Discussion of Results
According to the results obtained, it could be stated that most of the project design
objectives and requirements have been achieved. However, some objectives could not be fulfilled
due to the lack of certain hardware components and because some components were not
determined at this point of the project. The basic elements of the electrical power system have been
designed for the CXBN-3 satellite. The power is transmitted within the EPS through the Main
Power Bus, which connects energy production, storage and distribution. For the Energy
Production, we are using the Azur-space TJ GaAs Solar Cell 3G30A with 30% of efficiency. The
energy is stored in a lithium-ion battery, Boston Power Swing 5,300 mAh.
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Several solutions were originated to the project in order to provide a viable design
throughout the many situations or problems within the different design of diagrams. Avast amount
of time was spent in the project to provide the most suitable solution to all the issues that we face
during the design, fabrication and testing of the modules. The new version of the Regulator PCB’s
was a unique problem solving and it gives us the opportunity to create, populate and test a regulator
from 3.3 V, 3.6 V, 5 V, 5.3 V and 12 V; this new configuration provided better data to determine
the behavior of it. The output data associated with these regulators was as expected, giving good
results. Later, some other PC’s like the power meter, load switch, battery charger and battery
balance were populated.

Some changes and improvements have been applied throughout the design of the EPS and
the implementation of this as a project; they are shown here:
1. Develop Research skills
2. Oral Skills on presentations and meetings discussions
3. Research and Reading every related Material
a. Drivers on each Subsystems
b. Specifications of each Subsystem in the Satellite
4. Provide EPS telemetry through an 𝐼 2 𝐶.
5. Add output Lines of 3.3V; 3.6V; 5V; 5.3V; 12V.
a. Number of Connectors (13 Outputs Connector, 2 Batteries Connector and 4
Solar Panels).
6. Design of Updated Schematics.
a. PCB Layout for the EPS.
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7. Develop micro-soldering Techniques.
a. Population of PCB’s.
8. Knowledge on ordering and selecting components to buy.
9. Organization of a work station and materials.
10. Design Hardware.
a. Harnesses Fabrication for Testing Procedures.
b. Prototype Fabrication.
11. Testing Procedures.
a. Standalone Testing.
12. Fabrication of Final Design of Schematics (Final PCB).
13. CXBN-3 will have its own Power line to the Li-Radio transmitter.
a. This would avoid the noise in the systems and in the other subsystems.

Several goals and requirements were achieved while working on this project, here we
express what we suggest are our main achieved goals for our project.
Achieved goals for this project:
•

The Electronic Power System will function solely as an EPS.

•

To have an updated Power Budget for the Mission.

•

Re-design the EPS for advantages in functionality and Assembly Procedure or
Integration.

•

The Exact number of connectors for the subsystems. (Customized Design)

Another important task that was necessary to be achieved in our project was the
documentation, based on the information below we were able to complete several documents that
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are going to be very useful for future workers on this project. All of these documents will help
them to understand what we were working in the past, what to do next and where we are right now
in the project.
Documentation related to:
•

The Design of Schematics.

•

The Selection of Components.

•

The Fabrication of the PCB’s.

•

The Population of the PCB’s.

•

The Testing procedures of the Populated Circuits.

•

The Data Analysis.

•

The Power Budget.

5.2 Future Work
The EPS team has designed and prototyped the electronic power system of the CXBN-3
satellite. There much work left to do so another design team will need to complete the project. It
is therefore important for future teams to have adequate information available to them, so their
projects do not fail because of poor documentation.
The Electronic Power System can be upgraded by adding the following suggestions:
1

New configuration for a 12 V Line, recommend the LT3757/LT3757A.

2

Schematic Design with all the Electronics.
2.1 Design PCB.
2.2 Order PCB.
2.3 Populate PCB.
2.4 Test of the PCB.
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3

Connectors for Final Design.
3.1 JST SH Horizontal 6-Pin SMD (Solar Cells).
3.2 CONN Header SM 4-Pin (Subsystems).

4

Determine if the Schematic of the Cutter Circuit is going to be implemented on
the EPS PCB or in another small PCB on top.

5

Schematic of the Solar Panels electronics configuration and connectors to the
EPS PCB.

6

Construct 3 identical layout versions of the final design of the EPS PCB with
all the electronics; Engineering Model, Flight Model and Flat SAT Model.

Standalone Testing is one of the most important aspects of the project because it will give
us the knowledge to understand if everything we are doing is going as expected and to see if the
behavior of the Modules is right. For this part, a large amount of time will be needed to spend on
testing procedures. After all these testing processes considered to be used in the EPS we will use
the specific subsystems or at least use several loads that may simulate the subsystem, this will
provide information of the EPS when it was tested with similar subsystems compare to the ones
that are going to be used in the satellite. We will have a subsystem that was tested in all possible
ways to determine that the EPS is able to work in a CubeSat for a Space Environment or Space
Applications.
There is a board design in place to implement the circuit in the satellite package, that many
changes are going to be considered but several drafts can be created. This being said, there still
remains a significant amount of work to be done on the power system. The last step will be to
ensure that the circuit is, in fact, functional and that all of the connections have been made to ensure
that power is delivered cleanly and efficiently.
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Appendix A

Figure 30 Code for testing the TCA 9539 Module
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.
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Figure 31 Important Coding Lines for INA 226
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.
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Appendix B
Cost Estimates for the EPS Project

Figure 32 Project Budget for the EPS of the CXBN-3
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.

Figure 33 Projected Timeline for the Project
Source: Christian J. Ortiz Huertas, “Electronic Power System Design”. January 2019.
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